This paper examines the spillover effect of foreign direct investment (FDI) and determinant of FDI across Indian manufacturing industries. The result, based on twoequation model that allows for the two-way link between labour productivity of locally owned industries and foreign presence provide evidence that foreign presence brings new channels of knowledge and technology spillover to domestic industrial firms. We find that intermediate factors like R&D intensity and technology import intensity can impact positively the productivity of domestic firms. Furthermore, we find that bigger market size and highly productive domestic sectors are likely to attract more foreign capital into Indian industries.
Introduction
Imports and foreign direct investment (FDI) have been recognized as channels for technology spillover. Importing technologically advanced intermediate inputs or commodities might trigger learning that enables the domestic producer to produce similar goods at lower cost at home. FDI might be associated with the spillovers to domestic firms because the workers that embody the firm specific knowledge assets of the Multinational National Enterprises (MNEs) affiliates can be absorbed by domestic firms (Fosuri et al., 2001) . Because the MNEs have access to new specialized intermediate inputs, whereas domestic firms use local intermediate goods, the productivity of the latter can be raised through the technology know-how of the foreign firms. The technology diffusion of MNEs in the host country and its impact on domestic firms has been the subject of research of many empirical studies (Helpman, 1997) . These empirical studies have generally found that there exist significant cross-industry knowledge and technology spillovers in embodied and disembodied forms among large and small size firms. The outcome of the technology spillover impact of FDI on host economies has two linked steps. The first step involves the MNCs parent to subsidiary international transfer of technology that is superior to the prevailing technology in the host country industry. The second step involves the subsequent spread of this technology to domestic firms -a technological spillover effect.
An important aspect of the technology spillover is that these are indeed externalities. Technology spillover occurs when a firm receives economic benefit from another firm's R&D activity without sharing any cost. This is the significant difference between technology spillover and transfer, i.e., whether the innovator can appropriate the welfare surplus from the transferred knowledge. R&D innovations and subsequent technological change and spillovers by intermediate factors of production through foreign 3 affiliation or acquisition are important factors for economic development by increasing the productivity of domestic firms. The complementary role of MNCs is the diffusion of technology by increasing the productivity growth of domestic firms and it has been widely recognized in the present context. A widely held view is that international trade and the role played by MNCs in the diffusion of technology leads to faster economic growth and helps to achieve higher rates of productivity growth in the host country industry (Ambos et al., 2006) .
FDI is now widely recognized as a catalyst for industrial development in developing countries in the view of the fact that it brings new intermediate goods,
additional capital for industrial projects, technology transfers and skills in the form of externalities and technology spillovers. The industrial sector in developing countries like India is now under pressure to speed up modernization of its production process in order to survive and face the competition in the global competitive market. The process of economic reforms in India which started in the 1990s, was directed at a systematic shift towards an open economy along with privatization of a large segment of the economy. The removals of quantitative barriers in a phased manner, the lowering of tariff on imports, and the application of suitable tax policy and land acquisition policy, etc., have opened up the Indian economy to international market forces which has led to the rapid emergence of a highly competitive environment, especially in the industrial sector.
1 This has again emphasized the importance of continuous improvement in productivity, efficiency, and technology spillovers of the industrial sector in India.
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Keeping these factors in mind, this study empirically examines the FDI and technology spillover and further examines the determinants of FDI across Indian manufacturing industries. For empirical estimation, 16 manufacturing industries have been selected, out of which 12 are broad 2-digit level industries and four 3-digit level allied industries which are part of chemicals, transportation industry, electronics, rubber and plastic products. 2 The study has been undertaken at the industry level analysis of 16 manufacturing industries in India out of which 2148 firms are considered as domestic firms and 231 are classified as foreign firms. So, the total number of firms in these selected industries is 2379.
The rest of paper has been organized as follows. Section 2 discusses the foreign presence in Indian manufacturing industries. Section 3 discusses the empirical framework, i.e. it presents a theoretical model which is the background for the empirical estimation and analysis. Section 4 discusses the econometric approaches of simultaneous equation models, polled ordinary least squares (OLS) and 2 stage least squares (2SLS) techniques for the empirical models. Section 5 interprets the empirical results and, finally, section 6 summarizes the findings and some policy implications of this analysis.
Foreign Presence and Technological Gap in Indian manufacturing
The relevant information to compile the key factors like foreign presence, market concentration and technological gap of Indian manufacturing industries are obtained from the Centre for Monitoring Indian Economy based data set 'Prowess' and, presented in Table 1 . If market concentration of an industry is high then it is expected to affect the labour productivity of that industry in a positive way. However, in the present study, the market concentration variable is compiled by widely used proxies of Herfindahl-5 Hirschman (HHI) index of market concentration. The output share of foreign firms in respect of an industry is considered as foreign presence, and the ratio of the average labour productivity of foreign firms to the local firms is considered as technological gap of an industry. Detailed discussion of definitions and construction of the variables is given in the Appendix A. Source: Based on own compilation from the CMIE data set Prowess.
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From this study and the data presented in Table 1 pertaining to the three significant inferences are analyzed to corroborate the FDI and technology spillover across Indian manufacturing industries. The first one, foreign presence is relatively high in leather products and in electrical machinery industry where foreign output share accounts for more than 30% of total industry output. In addition, in other sectors like food products, metal products and drugs and pharmaceuticals, foreign outputs constitute more than 15% of the industry output. In sectors like beverages and tobacco, textiles, cotton textiles, non-metallic minerals products, woods products, chemicals, rubber and rubber products, non-electrical machinery and consumer electronics, foreign output shares are less than 15 percentage of the industry output.
The second important inference that can be drawn in this study is the market concentration index. From Table 1 , it is seen that the market concentration is high in consumer electronics and beverages and tobacco industry which is more than 30
percentages. The concentration ratio is relatively low in drugs and pharmaceuticals, rubber and rubber products, paper and paper products, textiles, cotton textiles, food products, non-metallic mineral products, metal products and in electrical machinery industries. However, in automobiles, leather products, chemicals and in woods products industry there is relatively higher degree of market concentrations and its ratios are about or more than 15 percentages in each industry. The third inference which is another significant explanatory factor for the estimation of industrial labour productivity is the technological gap of an industry. From this compilation report in Table 1 , the technological differences is quite high in food products, non-electrical machinery, consumer electronics, woods products and in automobiles industry. However, in other remaining sample industries the technological gap is relatively low.
Empirical Framework
In this section, we present a theoretical background for the empirical model and its estimation to assess whether the technology spillover arising from foreign presence, R&D accumulation, and technology imports can contribute to the domestic firms' labour productivity and technology spillovers across industries. Following Romer's (1990) or
Jones' (1998) R&D based endogenous growth models, we specify the production function for output of an industry i at time t, denoted by Y it as being subject to the following functional relationship:
Here H it is human capital stock, L it is labour (working labour), A it is considered as industry-specific factor of industry i at time t, with industry-specific constant trend, and 
From this discussion, we get the following form of the production function: (Coe and Helpman, 1995) , which has been incorporated with the capital stock. However, in the present analysis we assume that the elements of intermediate inputs which can affect industrial labour productivity are TMI and R&D intensity at the firm or industry level. 6 From the above discussion, the final output of ith industry at time t can be efficiently produced by the industry-specific factor, human capital, 9 labour, and intermediate factors which are incorporated with the capital stock (K) that represent R&D intensity and TMI. Equation (3) has been again written as follows:
Here, e it stands for the random disturbance terms.
Dividing Equation (4) by labour ) ( L it on both sides, we get:
To estimate the technology spillovers across Indian manufacturing industries, we are considering only the labour productivity of domestic firms of an industry (LPd) as the endogenous variable. Thus, Equation (6) can be specified as follows:
, and total factor productivity (TFP)
The small letter symbol represents the natural log form. That
and K it ln , respectively. Furthermore, in place of TFP A, H, and Z , we may use proxies such as industry-specific factor like foreign presence (FORP), quality of labour (QL), R&D intensity, and technology import intensity 10 (TMI). 8 The quality of labour (QL) of a particular firm/industry can be proxied by the ratio of number of supervisory and management workers in a firm/industry to total employment of firm/industry (Kohpaiboon, 2006) . In addition, as guided by theory and previous empirical works on the determinants of industrial labour productivity and technology spillovers across industries, two additional explanatory variables are used. Firstly, the study takes into account the role of industry-specific factor like technological gap (TGAP) between foreign firms and local firms of an industry and it can be considered as another key determinant for inferences of industrial labour productivity and degree of technology spillovers across industries (Kokko, 1994) . Secondly, market concentration (MCON) of an industry can be included in the set of explanatory variables as it acts as another determinant for labour productivity over domestic firms and technology spillovers across Indian manufacturing industries. In fact, two industries having the same technical efficiency may show different value-added per worker because of different domestic market concentration.
In addition, as argued by Hall (1988) , the impact of any possible exogenous factors on industrial labour productivity would be conditioned by the degree of market concentration.
As market concentration is one of the control variable, to capture the effect of market concentration, an interaction variable of market concentration and foreign presence (MCON*FORP) is added into the model. Based on these discussions, the empirical model for estimation can be extended to a new model by including these discussed exogenous factors in Equation (7). Now the estimating equation has been specified as follows:
8 Xu (2000) empirically estimates the host country productivity growth by total factor productivity (TFP) and TFP increases because of the technology diffusion of the MNEs.
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Foreign presence
In order to redress the problem of simultaneity involved in the relationship between FORP and LPd, Eqn. (8) The size of the domestic market is one of the explanatory factors for MNEs when deciding modes of entry that is either producing at foreign location or exporting from the home country. The size of the domestic market (MSIZE) is measured by the sum of gross output and import at the industry level of Indian manufacturing industries. If the size of the market is large then it is supposed to expand its product in domestic and in the foreign market. Large size firms supposed to be more competitive in the international market and it can face the competitive environments in a more dynamic way. FDI is more likely to set up its affiliation with the local firms if the domestic market size is large. In addition, higher R&D intensity and more technologically upgraded firms can be other influential factors for inflow of foreign capital towards Indian industries.
Technological gap of an industry can be another determinant for the level of foreign presence and it is supposed that higher technological difference between foreign and local firms can blockage the learning ability with absorptive capacity over local firms. Therefore, the standard hypothesis is that lager technological gap reduces the inflow of foreign capital towards Indian industries. Finally, the labour productivity of the domestic firms can be a significant factor for the foreign investors to attract more foreign 12 capital into host country industries in India. However, we can arrive at a certain conclusion after the empirical estimation and analysis of results in the next section.
MNEs are interested to invest in host country when they get wide extents of markets, cheap accessing of skill labour in terms of remuneration, better quality of raw materials, and highly productive localized firms. Some foreign investors locate entrepreneurial activities across countries in order to access cheaper with better quality raw materials and labour to enhance the productivity (Kophaiboon, 2006) . Based on these discussions, the second estimate equation has been specified as follows: 
Econometric Procedure
Initially we follow the ordinary least squares (OLS) method to estimate Eqns. (8) the estimates. However, in using 3SLS or FIML, all equations in the system must be properly specified. Since these methods utilize information on the interconnection among all the equations in the system, what is happening elsewhere in the system will be transmitted throughout the whole system, causing biases and distortions.
Based on a Monte Carlo experiment of a finite sample, two-stage least squares (2SLS) has emerged as a good promising choice among available alternatives. 2SLS
provides a very useful information procedure for obtaining the values of structural parameters in over-identified equations. 2SLS estimation uses the information available from the specification of an equation system to obtain a unique estimate for each structural parameter. 2SLS generally performs well in terms of both bias and meansquared error, shows a relatively higher degree of stability, and is not greatly affected by specification (Intriligator et al., 1996) . Moreover, 2SLS and 3SLS estimates are 
Estimation Results
The regression results relating to determinants of productivity and technology spillover are reported in Table 4 . We start by examining if there are positive spillovers from FDI in Indian manufacturing industries. Followed by examining the spillovers from FDI, we examine the determinants of foreign presence across Indian manufacturing industries.
Going through the results, the scale variables as capital intensity and capital are significantly different from 0. This suggests that size and scale variables have significant impact to the value addition of productivity and technology spillover across Indian manufacturing industries. The key significant variable to measure the spillover from foreign direct investment across host industry experience is foreign presence. It is generally presume that local participation with multinationals revel the MNCs proprietary knowledge and in that way facilities technology spillover to the host country local firms. Furthermore, the competitive pressure from FDI is likely to gravitate to the domestic firms in order to exist in the global market. Higher foreign establishments in an industry may increase competition and force domestic firms to become more efficient.
Therefore, foreign presence with large extent is an important indicator of labour productivity and productivity spillover across Indian manufacturing industries. The three estimations of Eqn. (8) give different results for coefficients of foreign presence which has been reported in columns 2, 3, 4, and, 5 of Table 4 . share in a combination with market concentration are found to augment the productivity and spillovers in Indian manufacturing industries. In addition, empirical result further suggests that competition has an impact on the degree of spillover from FDI. One explanation could be that the higher the competition between local and foreign firms the more technology has to be brought into make them competitive and larger is the scope for spillovers. We continue our analysis in Table 4 by examine the effect of technological gap on spillovers from FDI. According to Findlay (1978) we would expect domestic establishments in industries lagging far behind foreign technologies to benefit relatively much from FDI. Furthermore, a small technological gap seems to spur spillovers from FDI. In addition, some technological difference is required for spillovers to take place, and at an initial stage the degree of spillover may rise with size of technological gap. However, beyond a certain level, the gap may be so large that it will be difficult for the domestic firms to absorb foreign technology with their existing experience, educational level and technological knowledge (Sjoholm, 1999) . From this exercise, the coefficients of technological gap are statistically significant with theoretically expected (negative) sign. This suggests that given the level of foreign presence and TFP, a locally owned industry that exhibits laggard technological capability relative to a foreign firm tends to exhibit lower technology spillover and lower labour productivity across Indian industries. Kokko (1994) (Girma, 2005) . R&D is often represented as an important indicator of local firms' absorptive capacity. The coefficients of R&D intensity and technology import intensity are found to be positive and significant. This suggests that both R&D expenditure and technology up-gradation are crucial conduit for productivity spillover in Indian industries. R&D expenditure and technology intensity are increasingly viewed as a key determinants of total factor productivity and, hence, of technology spillover. Thus, it is evident that industries with higher R&D expenditure and more technology up-gradation experience higher productivity and technology spillover.
Furthermore, higher technology import intensity of an industry facilitate the assimilation of knowledge embodied in imported technology and, thereby, raise the absorptive of localized firms and can boost higher technology spillover across Indian manufacturing industries. Table 5 presents the regression results relating to determinants of foreign presence in Indian manufacturing industries. Due to the presence of endogeneity problem between labour productivity and foreign presence and simultaneity bias in the model, the single equation 2SLS estimate has been preferable. It is presume that higher the size of the domestic market larger is the scope of foreign investment from abroad. The coefficients of market size are found to be positive and significantly different from 0.
This suggests that in a large open economy especially the country like India can be able to attract more foreign capital into Indian manufacturing industries. Furthermore, bigger economy with wide extent of consumer market can attract huge foreign investment into the host country like India. We further continue by examining whether foreign presence is affected by the size of the technological difference between local and foreign firms. Going through the results, the coefficients of technological gap are found to be negative but insignificant.
Due to this statistically insignificant result we do not come to a clear conclusion.
Although the coefficients of technological gap are negative at OLS and 2SLS estimates but statistically not significant. Moreover, we can say that higher the technological difference between local and foreign firms, then lower would be the technology spillover. If the gap becomes higher then local firms cannot learn the frontier technology from the leader firms. Furthermore, if the local firms do not come under a threshold level of existing technology, then in that case foreign investors are not interested to invest in the host country industries.
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The coefficient associated with labour productivity is positive and significantly different from zero. This suggests that high productive domestic sectors can attract more foreign capital. It is hypothesized that FDI is likely gravitates to the highly productive domestic sectors with cheapest labour. Furthermore, low cost of labour with highly productive in the domestic sectors can attract more FDI into the Indian manufacturing industries especially from the USA and East Asian countries to transplant and use the country as their export base from the late 1990s onward. It is evident from this empirical exercise that higher R&D investment with large extent of technology upgrading firms can attract more foreign capital into that industry. In addition, R&D intensity of host country industries are providing adequate infrastructure for foreign investors to invest large extent of foreign capital into the industries. Moreover, R&D investment and technology upgrading firms can crate direct as well as indirect benefit to the foreign investors and demand push profit in the global market. Ultimately, more rivalry, more innovating, and more technology up-grading firms can create conducive atmosphere for foreign investors. Therefore, FDI is likely to gravitate to the host industry where local firms are busy in innovation and technology up-gradation.
Concluding Remarks
This paper has examined the FDI and its technology spillovers effect and the determinants of foreign direct investment (FDI) across Indian manufacturing industries.
The primary objective has been to find out the technology spillover of FDI and the determinants of FDI across Indian manufacturing industries. In order to allow for the simultaneity between industrial labour productivity and the foreign presence, this study uses a system of two equations (productivity/technology determinants and FDI 23 determinants) to find out the technology spillover in Indian manufacturing industries.
After documenting the two equation models, the regression results suggests that foreign presence played a significant role in lifting the technology spillovers in Indian industries.
Furthermore, foreign presence has been positively linked with labour productivity, knowledge and technology spillovers. We confirmed that foreign presence through
MNCs can impact positively the productivity of local firms. In sum, the results suggest that foreign presence by way of FDI brings new channels of knowledge and technology diffusion to local firms and, further, it can facilitate higher productivity through technology spillovers.
We also find evidence that total factor productivity (TFP) is a positive function of the R&D intensity and technology import intensity (TMI 
Variables
Labour productivity
LPd: The labour productivity at the firm level has been constructed by dividing the gross value added to the number of man-days (labour) of firm of an industry. The analytical estimation has been based on the industry level, so the labour productivity has been constructed to the industry-specific variable. To make labour productivity as an industryspecific variable and to get the spillover effect across Indian manufacturing industry we simply take average of the labour productivity over domestic firms in an industry for a specific period of time.
Capital (k): For the present study, to construct the capital variable from the Prowess data set we followed the methodology, derived by Srivastava (1996) and Balakrishnan et al. (2000) . They used the perpetual inventory method, which involves capital at its historic cost. Thus, the direct interpretation of the perpetual inventory method is not an easy task.
Therefore, the capital stock has to be converted into an asset value at replacement cost. The capital stock is measured at its replacement cost for the base year 1993-94. Then, we followed the methodology of Balakrishnan et al. (2000) to arrive at a revaluation factor.
The revaluation factors R G and R N for initial year's gross and net capital stock, respectively, have been obtained as follows:
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The balance sheet values of the assets in an initial year have been scaled by the revaluation factors to obtain an estimate of the value of capital assets at replacement cost.
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However, the replacement cost of capital = R i * (value of capital stock at historic cost), where, i stands for either gross (G) or net (N) value. The formula for the revaluation factor for the gross fixed asset R G and value of the capital stock at its historic cost GFA h t is given below: 
The revaluation factor for the gross fixed asset
. Here, l stands for the life of the machinery and equipment.
Thus, the revaluation factor has been constructed by assuming that the life of machinery and equipment is 20 years and the growth of the investment is constant throughout the period. We assume that the price of the capital stock has been changed at a constant rate from the date of incorporation of the firm to the later period, i.e., up to 2007. The revaluation factor which has been obtained is used to convert the capital in the base year into the capital at replacement cost, at current prices. We then deflate these values to arrive
at the values of the capital sock at constant prices for the base year. The deflator used for this purpose is obtained by constructing capital formation price indices from the series for gross capital formation from the NAS. Then, subsequent year's capital stock is arrived at by taking the sum of investments, using the perpetual inventory method.
Labour (l):
For the present study, our principal source of the data base is Prowess. Our analysis is based on the Prowess data set. However, the Prowess data base does not provide the exact information regarding labour per firm. Thus, we need to use this information on man-days per firm. Man-days at the firm level are obtained by dividing the salaries and wages of the firm to the average wage rate of an industry to which the firm belongs.
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Thus, the man-days per firm are as given below:
Number of man-days per firm = salaries and wages/average wage rate
To get the average wage rate, we used the information from ASI data. ASI contains information on total emoluments and total man-days for the relevant industry groups. The average wage rate can be obtained by dividing the total emoluments to the total man-days for relevant industry groups.
Average wage rate = total emoluments/ total man-days Capital Intensity (k/l): Capital intensity at the firm level can be obtained by dividing the real gross capital to the labour of that firm. To get capital intensity as an industry-specific effect, we simply divide the summation over all firms' capital stock to the summation over all firms' labour of an industry.
Foreign Presence (FORP):
Foreign presence is measured by the output share of foreign firms to the total industry output. However, in some previous empirical studies, employment or capital shares have been used to measure the foreign presence. Taking foreign presence as an employment share tends to underestimate the actual role of foreign affiliates because MNEs affiliates tend to be more capital intensive than local non-affiliated firms. On the other hand, the capital share can be easily distorted by the presence of foreign ownership restrictions. Hence, output share is the preferred proxy (Kohpaiboon, 2006) .
Technological Gap (TGAP):
Technological gap between foreign firms and local firms is proxied by the ratio of average value added per worker of the foreign firms to that of local firms.
Interaction variable (MCON*FORP):
For the present study to measure the market concentration, we take widely used proxies of Herfindahl-Hirschman index of concentration (HHI). The HHI of market concentration formula is given below:
where s ij is a total sale of the ith firm in the jth industry. To calculate the interaction variable, we multiply the HHI market concentration to the foreign presence of an industry.
R&D Intensity
RDI:
The R&D intensity at the firm level is measured by the share of R&D expenditure to total sales. To make the R&D expenditure as an industry-specific variable, we measured the total R&D expenditure over the firms by summing R&D expenditure over all firms in an industry, and divide by the total sales of all firms by again summing the sales of each firm of that industry, for that specified period.
29
Technology Import Intensity (TMI)
The technology imports can be broadly classified into two categories as embodied technology, consisting of imported capital goods and disembodied technology consisting of blue prints and license fees, as this is considered as remittances on royalty and license fees.
Hence, the TMI at the firm level can be obtained by dividing the summation over embodied and disembodied technology to the total sales of the firm. To calculate the technology import intensity as an industry-specific variable, we divide the sum of the total disembodied and embodied technology over all firms in an industry to the total sales of that industry by again summing the sales of all firms for a specified time period.
Market Size (MSIZE):
The size of the domestic market is measured by the sum of gross output and import at the industry level in Indian manufacturing.
